Introduction
In recent years, people counting systems using image processing technologies have been generally introduced because of the lowpriced and high-advanced cameras and computers. Obtaining the number of people provides improvement on performance of many systems. As an example, a system to count the number of people at an elevator lobby is mentioned for efficient operation of elevators. This paper proposes a method for counting people in an elevator lobby based on two assumptions: heads of people exist around the upper edge of the images of moving objects; and shape of the head is circular. This paper shows that the method based on these assumptions acquires high recognition rate.
Procedures for Counting People
The proposed method extracts the number of people from camera images ( Fig. 1(a) ). The method is composed of the following procedures.
( 1 ) Moving objects are extracted by the background difference method ( Fig. 1(b) ). ( 2 ) Upper edge of the moving object is detected and the region W, a square region for head detection, is defined around the edge ( Fig. 1(c) ). Here, it is assumed that the shape of the head is circular. False detection is strongly reduced by giving a limitation on the region for head detection ( Fig. 1(d) ). ( 4 ) Heads detected by Hough transform are tracked by optical flow. Misdetection is avoided by keep tracking the heads. ( 5 ) A human region is determined based on the position of the detected head. The region has a shape of an ellipse and its center position is geometrically estimated from the head position ( Fig. 1(e) ). ( 6 ) When the images of multiple people lap over, some images of moving object remain around the human region determined in (5). Then, people around the human region are counted by repeating the above procedures for the remained images. As a result, the image of the moving object is segmented to multiple human regions ( Fig. 1(f) ).
Experimental Verification
A video camera mounted on the wall above the elevator door was used for experimental verification. Two kinds of experiments in different conditions were performed. The conditions are described as follows.
(i) The height of the camera was 500 cm and up to 10 people were waiting in the elevator hall. (ii) The height of the camera was 380 cm and up to 7 people were waiting in the elevator hall. Table 1 shows the results of the experiments. Here, A denotes the real number of people manually counted from the video images. B and C denote positive and negative error. Then, counting rate D is derived by D = 1 − (B + C)/A. The counting rates D were 94.4% and 92.6% in conditions (i) and (ii), respectively. The main cause of the negative error was that the image in the segmented human region became too small when the images of people were strongly overlapped.
The result shows that the proposed system acquires high counting rate and high reliability in an elevator lobby with many overlapped images of people. This paper proposes an image processing system for counting people at an elevator lobby viewed from an upper oblique angle. The method is based on two assumptions: heads of people exist around the upper edge of the images of moving objects; and shape of the head is circular. This paper shows that the method based on these assumptions acquires high recognition rate and high reliability in an elevator lobby with many overlapped images of people. ( Fig. 6 (a) (ii) 380 cm 1 7 S th 5500 (i) 10 (ii) (i) 7 Table 2  Table 2 (a) Real number of people 1 
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